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SECTION A —- PROTEINS (APPROX 60 min) 
Answer all THREE questions in Section A 


QUESTION ONE (20 MARKS) 


a) The figure below shows the structure of the amino acid histidine. The pK values for 
ionisable groups of histidine are: pKi (coon) = 1.82, pK2 ~wH3+) = 9.17, pKr = 6.00. 


Use these values to redraw histidine showing ionisable groups in their predominant 


forms at pH 1 and pH 7; label each structure with the relevant pH. [5 marks] 
H 
H,N—C—COOH 

CH, 

N 
| 

N 
H 


b) Now draw histidine and a different amino acid linked via a peptide bond. 


Label the peptide bond, the N-terminus and the C-terminus of your peptide. [5 Marks] 


c) Name ONE example of each type of amino acid listed below: [1 Mark each] 
sulfur 
hydrophobic 
hydroxy 
positively charged 
smallest 


d) For each of the amino acids listed above name ONE type of bond/interaction in which 
the R-GROUP participates, contributing to the stability of the native three-dimensional 
structure of proteins. [5 Marks] 


QUESTION TWO (20 MARKS) 


The figure on the following page shows a cartoon of bovine haemoglobin. Examine the 
diagram and use your knowledge of haemoglobin structure and function to describe the 
structure of haemoglobin. Highlight each aspect of structure that is important for the 
biological function of haemoglobin, explaining its specific role. 


In your answer you are expected to demonstrate understanding of different levels of protein 
structure as well as understanding of protein ligand binding. You are expected to use specific 
technical terminology. 
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Haemoglobin structure taken from Nelson and Cox Fig 4-23 


QUESTION THREE (20 MARKS) 


The enzyme malate dehydrogenase (MDH) catalyses the following reaction: 


a) 


b) 


C) 


d) 


e) 


Malate + NAD* > oxaloacetate + NADH 


Which of the six major groups of enzymes (oxidoreductases, transferases, hydrolases, 
lyases, isomerases and ligases) does MDH belong to? Explain your answer. [2 marks] 


What equipment would you use to assay this reaction; what would you measure and why? 
[4 Marks] 


Malate dehydrogenase from pig liver mitochondria has a Ky of 0.3 mM malate. Sketch a 
graph of the reaction rate (V) vs malate concentration for this enzyme assuming Michalis- 
Menten kinetics. Label the position of 0.3 mM malate on your graph; also indicate the 

position of Vmax. [4 Marks] 


In your new job as a laboratory technician you have been asked to make up | mL of a 
solution containing 100 U MDH. Information on the bottle of enzyme concentrate 
indicates that the specific activity of the enzyme is 450 U/mg protein and the 
concentration of protein is 100 mg/mL. What volume of MDH concentrate will you use? 
Show all working. [4 marks] 


Demonstrate your understanding of enzymes by choosing a variable other than [S] that 
may affect the reaction rate of an enzyme-catalysed reaction. Explain the effect of your 
chosen variable on enzyme activity/reaction rate. [6 marks] 
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SECTION B — Carbohydrates and Metabolism (APPROX 60 min) 
This section is worth 60 marks. Answer all questions in Section B 


Each question is worth 2 marks 


PLEASE USE THE ANSWER SHEET PROVIDED FOR THIS SECTION 


Select the best answer in the multiple choice questions below: 


1. Which of the following statements is not correct: 


he 


2: 
3. 
4, 


Phosphorylation of glucose prevents the molecule diffusing out the membrane 
Glycolysis occurs in the cell cytosol 

The TCA cycle occurs in the mitochondrion 

The Krebs cycle occurs in the cell cytosol 


2. NAD is required as a reactant in glycolysis for: 


1. 
De 
3. 
4, 


Activation of glucose to glucose 6-P 

Phosphorylation of fructose 6-P to fructose 1-6 bisphosphate 
Conversion of pyruvate to lactate 

Oxidation of glyceraldehyde 3-P to 1-3 bisphosphoglycerate 


3. Ifthe AG” of the reaction A > B is 10 kJ/mol, under standard conditions the reaction: 


Ie 


will proceed spontaneously from A to B. 


2. will never reach equilibrium. 
3. 
4. is at equilibrium. 


will not occur spontaneously. 


4. The efficiency of capture of glucose energy in ATP by muscle under anaerobic 


conditions is: 


PE Oe: ee 


Higher than in aerobic conditions 

Reduced due to the production of ethanol in the muscle 
Around 2% 

Around 35% 

Muscles don’t generate any ATP in the absence of oxygen. 
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5. The piece of the chain pictured would be part of : 


CHLOH SCHIOH 


1. amylose 
2. amylopectin 
3. cellulose 
4. glycogen 


6. Glycolysis of 1 mole of glucose does NOT produce 
1. 2 molecules of NADH 
2. 2 molecules of ADP 
3. 2 molecules of pyruvate 
4. 2 molecules of ATP 


7. Proton pumping in the context of oxidative phosphorylation 

1. is driven by the energy released from the electron flow within the inner 
mitochondrial membrane 

2. generates an electro-chemical gradient across the inner mitochondrial 
membrane 

3. allows the formation of ATP 

4. describes the movement of hydrogen ions across the inner mitochondrial 
membrane 

5. all of the above 


8. The pentose phosphate pathway is utilized for all of the following EXCEPT which one? 
1. formation of ATP 
2. generation of NADPH 
3. ribose-5-phosphate synthesis 
4. ribose-5-phosphate degradation 
5. synthesis of pentose sugars 


9. If one molecule of glucose is completely oxidised to H2O and COz, a total of: 
1. 18 molecules of ATP may be produced 
2. 34 molecules of ATP may be produced 
3. 38 molecules of ATP may be produced 
4. 32 molecules of ATP may be produced 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


hase) eo 
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The “energy charge” of the cell is determined by: 
1. The redox potential measured in mV 
2. The extent of ionisation of the molecule 
3. The quantity of energy released (kJ) if fully oxidised 
4. The quantity of ATP in the cell relative to ADP and AMP 


The reduction of phosphoenolpyruvate is 
1. A reaction that yields ATP by substrate level phosphorylation 
2. Areaction that yields ATP via an electron transport chain 
3. The glycolytic reaction that produces glyceraldehyde 3P 
4. The initial reaction in the pentose phosphate pathway 


Oxidizing 1 mole of glucose by glycolysis leads to net production of 


1. 2 moles of pyruvate, 2 moles of ATP and 2 moles of NADH 
2. 2 moles of pyruvate, 4 moles of ATP and 2 moles of NADH 
3. 2 moles of pyruvate, -2 moles of ATP and 4 moles of NADH 
4. 2 moles of pyruvate, 4 moles of ATP and 2 moles of NADPH 


Which of the following enzymes in glycolysis catalyses a REDOX reaction? 
Hexokinase 

Glyceraldehyde-3-phosphate dehydrogenase 

Pyruvate kinase 


Roa ct 


Phosphofructokinase- | 
5. Phosphoglycerate kinase 


NADH is an electron carrier that: 
1. Is reoxidised to NAD* by reducing pyruvate to lactate under anaerobic conditions 
2. Is generated from oxidation of phosphoenolpyruvate 
3. Has a lower yield of ATP through electron transport chains than does FADH 
4. Diffuses freely between the mitochondria and cytoplasm 


Which of the following statements is true in regard to Glucose 6-phosphate? 

1. Itis formed by action of phospofructokinase on glucose in the cytosol 

2. It is cleaved directly to 2 triose phosphate units in the Embden Meyerhof pathway 
3. It can readily be metabolised back to glucose 

4. It can be used in either glycolysis or in the pentose phosphate pathway 


In mammalian cells deprived of oxygen 


Glycolysis and the TCA cycle continue unabated 

Glycolysis and the TCA cycle are stopped 

Glycolysis continues because NAD” is regenerated by lactate formation 
Glycolysis continues because FAD+ takes over from NAD‘ as an electron sink 
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17. How does ATP generated by oxidative phosphorylation in the mitochondrion 
membrane reach the cytosol? 


1. 
2 
3. 


4, 


It doesn’t 

Diffusion along a simple concentration gradient 

ATP synthase spans the outer mitochondrial membrane and pumps ATP directly 
into the cytosol 

By means of an anti-porter transport protein 


18. ATP generation by substrate phosphorylation during glycolysis can be catalysed by 


Phosphofructokinase 
G3P dehydrogenase 
Pyruvate kinase 

1 and 3 

2 and 3 


19. The pyruvate dehydrogenase complex: 


un a aa 


Occurs on the outer mitochondrial membrane and produces lactate 
Occurs in the mitochondrion and produces oxaloacetate 

Occurs in the mitochondrion and produces acetyl-CoA 

Occurs on the outer mitochondrial membrane and produces citrate 
Occurs in the mitochondrion and produces citrate 


20. Which series lists steps of the TCA in their correct order of formation: 


1. 
2: 
3. 
4, 


Citrate, o ketoglutarate, isocitrate, succinyl CoA, succinate 
Citrate, o ketoglutarate, cis-aconitate, isocitrate, succinyl CoA 
Succinyl-CoA, succinate, fumerate, malate 

Succinate, fumerate, malate, oxaloacetate 


21. The respiratory chain complex on the inner mitochondrial membrane that is flavin based, 
passes electrons to Coenzyme Q and is inhibited by the rat poison rotenone is: 


Complex 1 
Complex 2 
Complex 3 
Complex 4 
ATP synthase 


22. Sensitivity of oxidative phosphorylation rate to ADP concentration means 


1. 


ick a 


ATP is formed only as fast as it is used 

Oxidative phosphorylation is regulated by cellular energy needs 

Energy using processes such as protein synthesis will increase ADP availability 
1 and 2 only 

1 and 2 and 3 
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23. NADH generated in the cytosol of muscle cells: 
1. Is metabolised within the cytosol 
2. Enters into the electron transport chain by electron shuttles 
3. Is utilised in NADPH generation in the pentose phosphate cycle 
4. Is converted to NAD by lactate dehydrogenase in aerobic conditions 


24. In the oxidative phase of the pentose phosphate pathway: 
1. 6-carbon sugars are decarboxylated to 5- carbon sugars 
2. Only muscle and neural cells are involved 
3. Transketolase catalyses transfer of 2- carbon unit as part of regenerating glucose 
6-P 
. 2molecules of NADPH are generated per mole of glucose-6-phosphate 
5. land 4 


25. Coenzyme A: 
1. Contains a high energy thioester bond 
2. Contains a high energy phosphoanhydride bond 
3. Is required by pyruvate deyhdrogenase for catalysis 
4. land3 
5. 2 and 3 


26. Which metabolic pathway or process is common to both aerobic and anaerobic 
oxidation of sugar? 
1. citric acid cycle 
2. chemiosmosis in mitochondrion 
3. glycolysis 
4. oxidation of pyruvic acid to CO 


27. The chemiosmotic model which links the proton motive force with ATP synthesis was 
proposed by: 
1. Linus Pauling 


2. Melvin Calvin 
3. Frederick Sanger 
4. Peter Mitchell 
5. Melvin Bragg 


28. Reduction of molecular oxygen to form water in the human body occurs when electrons 
are transferred directly to O2 from: 
1. ATP synthase 
2. Complex 4 of the electron transport chain 
3. An antiporter in the inner mitochondrial membrane 
4. The pyruvate dehydrogenase complex 
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29. The glycerol phosphate shuttle: 
1. Transfers electrons from cytosolic NADH to Complex III 
2. Transfers Pi from the mitochondrial matrix back into the cytosol 
3. Operates only in yeasts 
4. Provides the principal pathway for electrons to enter the oxidative respiratory 
chain 


30. If today you gain no body weight and do little exercise, where will the majority of 
energy you ingested in food and transferred to ATP, be directed to? 
1. Fat deposition 
2. It stays as ATP 
3. Into the atmosphere as heat 
4. Glycogen 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 


result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been returned. 


